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Abstract 

The micro PIXE technique is an analytical method capable to measure trace element concentration 
distribution at ppm concentration level and at//m scale. This method opens the possibility to measure radial 
and longitudinal element distribution across and along hair samples. The incorporation of Cd and Pb in rat 
hair has been studied using two different analytical techniques, namely micro PIXE to measure the radial 
distribution of these elements across the hair root and in a section cut at 3 mm distance from the root, and 
synchrotron radiation X-ray fluorescence (SXRF) to measure the distribution of these elemen*s over 
different protein fractions prepared by other CRP participant. Hair samples from 12 persons were also 
analyzed with micro PIXE. Inter element effects were observed in this case, especially the negative 
correlation between Cu and Zn. Also the data indicate correlations between Zn concentration in hair and 
bone (positive) and hair and liver (negative). Cu shows the same behaviour. A large number of hair and 
whole blood samples from a group of school children was also analyzed. In this data set, it was observed 
that Pb concentration affects other elements. It turned out that Ca and Zn concentrations in hair were 
lower, while Cu values were higher in the samples with high Pb values. 

1. INTRODUCTION. 

In the framework of the IAEA Coordinated Research Programme (CRP) on the 
Significance of Hair Mineral Analysis as a Means for Assessing Internal Body Burdens of 
Environmental Pollutants, a number of investigations has been undertaken during the 
course of the programme which all had in common that they used the special features of 
the micro PIXE technique, being a method capable to measure trace element concentration 
distribution at ppm level and at //m scale. This method opens the possibility to measure 
radial and longitudinal element distribution across and along hair and is therefore used in 
cooperation with other participants in the programme in cases where extra information was 
needed to help clarify measured data on animal studies and autopsy studies. In the last 
stage of the programme, a large number of hair and whole blood samples from a group of 
school children has been analyzed. The group was suspected of being exposed to low 
levels of Pb and Cd and concentrations were correlated with results of tests including 
speed of reaction and measurement of concentration powers. In this data set, it was 
observed that Pb concentration affects other elements. It turned out that Ca and Zn 
concentrations in hair were lower, while Cu values were higher in the samples with high 
Pb values. 
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2. EXPERIMENTAL 

2 . 1 . STUDIES ON ANIMALS 

In collaboration with Tykva (Prague) the incorporation of Cd and Pb has been 
studied using two different analytical techniques, namely micro PIXE to measure the radial 
distribution of these elements across the diameter of both the hair root and a section cut 
at 3 mm distance from the root, and synchrotron radiation X-ray fluorescence (SXRF) to 
measure the distribution of these elements over different protein fractions. The 
fractionation of the proteins was obtained by gel electrophoresis as described by Tykva et 
al. [1]. The technique of micro PIXE is described in detail elsewhere 12,3]. For Hg, the 
results are reported already during the IAEA coordinated research meeting in Amsterdam, 
1987; suffice it here to recall that Hg seems to counteract Zn which means that at 
relatively high Hg levels in hair, Zn concentrations are low. Moreover, the distribution of 
Cd in the root shows that Hg is localised in the central part of the root, while further down 
the hair the distribution becomes peaked at the edges indicating a migration of Hg 
outwards during the keratinization process. Recently, the same sort of experiments were 
performed with Pb. Unfortunately the Pb levels administered to the rots result in hair 
concentrations too low to measuro position dependent wi th micro PIXE. From previous 
work it is known however, that Pb distributions are peaked at the root edges (in contrast 
to Hg) and localised in the root sheaths, while flat distribution are obtained from scans a 
few mm outside the root. Further down, the distribution shows a combination of a flat and 
a peaked behaviour, because on external component adds up and indeed it is observed that 
in longitudinal direction the Pb concentration increases wi th distance from the skin [41. 
Using gel electrophoresis of the hair proteins of these animals, measurements were done 
on the Pb distribution over the different protein bands, obtained with this technique. Since 
the gel matrix in which proteins are embedded is thicker than the range of the proton beam 
used for micro PIXE, in this case micro SXRF was used to determine the distributions of 
some elements over the protein fractions. The micro SXRF set up at Daresbury (U.K.) was 
used. Details of the set up and the analytical procedure are described in [5-7]. The choice 
of SXRF was also triggered by the higher sensitivity of this method as compared with PIXE 
for high Z elements. In Fig. 1 results are shown for the elements P, S, K, Fe, Cu, Zn and 
Pb. The similar shape of the curves for S, Cu and Pb is striking, indicating that the Pb 
atoms find places in between S_S bridges, as is known for Cu during the keratinization. 
This also explains the flat Pb distribution radialwise in zones where the keratinization 
processes are completed. This knowledge opens the possibility to distinguish for this 
particular element between internal and external exposure based on the radial Pb profiles 
obtained on human material with micro PIXE. 

2.2. STUDIES ON HUMAN MATERIAL 

Earlier in the programme was reported already, that from 12 persons autopsy 
material was sampled and analyzed by Wesenberg (Bergen, Norway). From this material, 
the hair analyses were performed with micro PIXE, again by measuring radial concentration 
profiles in the root and 3 mm from the root end. Results of this work were presented in 
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the Amsterdam meeting, also in this study interelement effects were observed especially 
the negative correlation between Cu and Zn. Although based on a very limited number 
[12], the data indicate correlations between Zn concentration in hair and bone (positive) 
and hair and liver (negative). Cu shows the some behaviour. An explanation for these 
phenomena may be found in the chemical form of the elements; if a higher fraction of the 
element is available for the metabolism, concentrations in hair and bone increase, while the 
liver concentration decreases. To reach final conclusions speciation studies in combination 
with studies on interelement effects are needed. 

Recently, from a group of school children, hair and whole blood samples were taken 
in a survey of Pb and Cd pollution in on industrial area in The Netherlands. Moreover, 
correlation were studied between the hair concentration levels and results of psychological 
tests, especially tests involving the alertness of the children as f . i . reac Jon speed, ability 
to maintain a high concentration level and the like. 

All whole blood samples are measured with PIXE; the hair data were collected by 
means of SXRF to decrease the detection limit for the high Z elements as Br and Pb. 

Again, interelement effects were observed. Dividing the data set into two groups; 
the first group (n = 34) with hair Pb levels in the normal range (Pb concentration below 
1.5 //g/g) and the second group (n = 8) with increased levels, Table I shows average 
concentrations of the elements Pb, Co, Cu, Zn and By for these groups. The increase of 
Cu and the decrease of Ca and Zn are significant and again indicate a change in the trace 
element metabolism as a result of exposure to Pb. 

TABLE I. HAIR CONCENTRATIONS FOR A NORMAL (1) 
AND EXPOSED (2) GROUP. 

Concentration (//g/g) Pb Ca Cu Zn Br 

Group 1 
Group 2 

0.8 
4.1 

419 
334 

19.9 
27.0 

155 
134 

3.6 
3.8 

For completeness, in Fig. 2 the results are given from a correlation found between 
the Pb hair concentrations and a normalised value for the results of the concentration test. 
In the future more data will be collected to support this rather speculative correlation. 

Finally, it is worthwhile to mention that no correlation for any particular element 
was found between hair levels and levels in whole blood. 
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3. CONCLUSIONS 

From a variety of different data, mainly collected to support work from other 
participants in this programme, a few conclusions con be drawn. 

(11 If one wants to understand why, or why not, correlations of trace elements 
between hair and different organs are found, one must study in detail the 
incorporation mechanism or these elements into hair. These incorporation 
mechanisms has been studied by Bos 18] using micro PIXE and it was found that 
this incorporation depends on the- element itself and on the chemical form in which 
the element is present. For this reason, speciation studies are absolutely necessary 
to give insight in the correlations sought in this programme. Protein separation of 
blood and hair to determine the binding sites of the trace elements seems to be a 
promising way to go. 

(2) In all studies mentioned above, interelement effects are observed to a certain 
degree. This calls for more detailed studies, most likely animal studies, directed 
towards understanding of these interelement interactions. Especially the way how 
toxic elements (Pb, Cd, Hg) influence the levels of essential elements is worthwhile 
to investigate in detail. 
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Figure 1. The distribution of the elements Cu, Pb, S, P, Fe, K, and Zn over 
four protein bands obtained with gel-electrophoresis. Data are 
normalised to 100% for the total concentration. 
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Figure 2. The correlation found between Pb concentrations in hair and 
results of a concentration test. Indicated are the division into 
groups as referred to in Table I. 


